Standard economic models predict that the choice of an exchange rate regime has important implications for the interdependency of national monetary policies, which is sometimes measured by the degree of inflation transmission across borders. In this paper, we examine how inflation rates in two small open economies, namely Hong Kong and Singapore, interact with those in the U.S. It is found that the price levels in these three economies are cointegrated. Thus, a vector error correction model is used to study the inflation dynamics. It is found that Hong Kong and Singapore inflation rates, but not the U.S. one, respond to the error correction term. Compared with Singapore, the Hong Kong inflation rate is more responsive to U.S. price shocks. The different responses to U.S. price shocks are consistent with the difference in exchange rate regimes adopted by the two economies.
1.

Introduction
The choice of an exchange rate regime has vital implications for a country's ability to conduct monetary policy. One of the advantages of the flexible rate regime, as advocated by its early proponents, is its insulation property. For instance, Friedman (1953) contends that the flexible rate regime puts an end to the inflation transmission mechanism prevailing under the fixed rate system. Exchange rate flexibility enables a country to pursue its own monetary/inflation policy and insulates it from external inflation shocks.
The empirical linkage between exchange rate choice and inflation dynamics seems ambiguous. Ghosh et al. (1997) find that both the level and variability of inflation are substantially lower under fixed exchange rates than under flexible rates. Their results are contradictory to the conclusion of Quirk (1994) , which asserts there is not much relationship between exchange rate regime and inflation behavior. In general, it is quite uncontroversial to state that the insulation property of the flexible exchange rate regime is imperfect (Corden, 1985; Mussa, 1979; Salant, 1977) .
It is known that a flexible rate regime does not inhibit transmission of real shocks.
Even for nominal shocks, they can propagate across national boundaries through various channels (Devereux and Engel, 1998; Dornbusch, 1983; Marston, 1985) . Darby et al. (1983) present an extensive study on international inflation propagation and transmission mechanisms. It is observed that exchange rate flexibility does offer a country an extra degree of freedom to contain inflation. In examining the data from the U.S., U.K., France, and Germany, Lastrapes and Koray (1990) report that flexible exchange rates have not completely insulated economies from external shocks. More interestingly, they found countries have different degrees of insulation and interdependence across exchange rate regimes. Winer (1986) , on the other hand, claims that the flexible rate regime helps insulate Canada from nominal shocks originating in the U.S. Using the cointegration technique, Crowder (1996) finds inflation rates from the G7 countries converge during and after the Bretton Woods period. During the Bretton Woods period, U.S. inflation is found to be the main driving force of the common stochastic trend. However, there are multiple determining factors of the common stochastic trend during the flexible rate period.
While most theoretical models on inflation transmission are constructed under the small open economy assumption (Mundell, 1963; Parkin, 1979) , the extant empirical studies mainly use price data from the G7 or other industrialized countries. Even though the U.S. is large relative to other industrialized countries, it is not clear if these industrialized nations meet the implicit assumption of price-takers. Another issue is that these countries, due to the presence of various implicit and explicit trade barriers, may not be characterized as "open" economies. Thus, investigating inflation dynamics under different exchange rate regimes in small open economies should add to our understanding of international inflation transmission.
To study the implications of an exchange rate regime choice for inflation dynamics, this paper examines the responses of Hong Kong and Singapore inflation rates to the U.S.
ones. Hong Kong and Singapore are two very similar economies in the Far East region.
Both economies are small and rely heavily on international trade. It is widely perceived that authorities in these two economies pursue the laissez-faire policy so that the economies enjoy a high degree of economic freedom with minimal government intervention. One major difference between these two city-economies is their exchange rate policies. Since 1983, Hong Kong has established a currency board system and virtually fixed its currency value to the U.S. dollar. On the other hand, Singapore switched to a managed float system after 1973 and officially abandoned capital controls in 1978.
Thus, we believe Hong Kong and Singapore provide a good setting to study the effects of exchange rate regime choice on inflation transmission.
In the next section, we present some background information about Hong Kong and Singapore. Results of the preliminary data analysis are given in Section 3. Section 4 reports the results of applying several advanced time series techniques to identify the interactions between the price indexes. Specifically, the use of an error correction model to study inflation transmission is justified by the Johansen test results. The generalized impulse response and forecast error variance decomposition are analyzed to gain further information on the effects of U.S. inflation on these two Far East economies. In general it is found that, compared with inflation in Singapore, inflation in Hong Kong is more responsive to U.S. price shocks. The recently developed common feature and codependence tests are also used to detect the common cyclical movements between the national inflation rates. Some concluding remarks are offered in Section 5.
2.
Hong Singapore an ideal pair of economies to compare and contrast the effect of exchange rate arrangement on inflation transmission.
Preliminary Analysis
The data used in this exercise are monthly observations of Hong Kong, Singapore, and U.S. consumer price indexes (CPIs 
where Y it is the economy i's CPI (in logs) at time t for i = Hong Kong, Singapore, and U.S.
Under the unit-root null hypothesis, 0 = i δ . The lag parameter (p) is chosen so that the resulting residuals have zero serial-correlation. The ADF test results given in Table 1 indicate that the three CPI series are I(1) series. The ADF test (with the trend term) does not reject the unit root null for the CPI data themselves. However, the test (with only the intercept term) shows that the three inflation rate series (i.e., first differences of log CPIs)
are stationary. Thus, in the following analysis, we assume the CPI data are I(1)
. During the sample period, the average annual inflation rate in Hong Kong is 7.32%, and it has a standard deviation of 2.48%. For Singapore, the average and standard deviation of the annual inflation rate are 1.18% and 1.30%. Both the level and the variability of inflation in Hong Kong are higher than those in Singapore. The result is in contrast to the one in Ghosh et al. (1997) , which finds inflation is higher and more variable under a flexible rate regime. As the data in the same sample period are compared, the differences in level and variability of inflation are not likely to be induced by different external shocks. In fact, the differences are likely to be the result of the monetary policy of Singapore to promote sustained and non-inflationary growth for the Singapore economy.
In the next section, we conduct a detailed analysis of the inflation transmission between the U.S. and each of the two small economies.
Inflation Transmission
Since the CPI series are I(1), we have to determine whether a standard vector autoregressive (VAR) or a vector error correction (VEC) model should be used to study the interaction between the inflation rates. The choice depends crucially on the presence or absence of long-term comovements between the individual CPI series. To this end, we employ the Johansen procedure to test for cointegration. Besides the choice between a VAR and a VEC model, information on the long-term comovement also helps specify the appropriate model to construct impulse responses, decompose forecast error variances, and study common cyclical movements.
Cointegration Test
As the focus is on inflation transmission between large and small economies under different exchange rate regimes, we apply the Johansen procedure separately to two pairs of CPIs; namely the HK/US pair (which contains Hong Kong and U.S. CPIs) and the SP/US pair (which contains Singapore and U.S. CPIs). The Johansen test for cointegration is based on the sample canonical correlations between ∆Y t and Y t-p-1 (Johansen and Juselius, 1990) , where p is a lag parameter, Y t = (Y it )' is a 2x1 vector containing U.S. and
Hong Kong (or U.S. and Singapore) CPI series. To implement the test, two least squares Ω Ω Ω − with respect to 22 Ω where
, i, j = 1,2. The trace and the maximum eigenvalue statistics are, respectively, given by
and ) 1 ln(
The former statistic tests the hypothesis that there are at most r cointegrating vectors and the latter one tests the hypothesis of r against the alternative hypothesis of r+1 The cointegration test results are reported in Table 2 . Both the trace and the maximum eigenvalue statistics show that there is one cointegration relationship in each of the two pairs of national CPI series. The null hypothesis of no cointegration relation is rejected at the 5% level of significance in both cases. And the null hypothesis of at least one cointegration relation is not rejected. Thus, the CPI series in each country pair are linked together in the long run. Individually, they tend to drift around without an anchor as indicated by their I(1) properties. However, the CPI series are cointegrated, and they have synchronized long-term movements.
The estimated cointegrating vector of the HK/US system is (1, -2.37) with the coefficient of the Hong Kong series normalized to one. Both elements of the cointegrating vector are statistically different from zero. 2 For the SP/US country pair, the normalized cointegrating vector is (1, -0.74) and, again, the elements are statistically significant.
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According to the cointegrating vectors, a unit change in the U.S. CPI induces a more (less) than proportional change in the Hong Kong (Singapore) CPI series in the long run. Thus, 2 The χ 2 (1) statistics for testing each element is zero are 27.28 and 30.68, which are significant at the 5% level. 3 The χ 2 (1) statistics for testing each element is zero are 12.34 and 19.77, which are significant at the 5% level.
the fixed exchange rate arrangement adopted by Hong Kong seems to be associated with a stronger response to foreign inflation. statistic." For the HK/US system, the lag parameter is 2 and the cointegrating vector is (1, -2.37) with the HK coefficient normalized to 1. For the SP/US system, the lag parameter is 1 and the cointegrating vector is (1, -0.74) with the SP coefficient normalized to 1.
VEC Model
The cointegration result suggests that a VEC, instead of a VAR, model is the appropriate specification to study the interactions within each pair of inflation series. The VEC model is given as
where Z t-p-1 is the error correction term given by β'Y t-p-1 and β is the cointegrating vector. µ is a vector of constants. The responses of inflation to short-term price movements are captured by the Γ i coefficient matrices. The α coefficient vector reveals the speed of adjustment to the error correction term, which measures the deviation from the long-run relationship between the CPI series. Note: Significance at the 5% (10%) level is indicated by ** (*). t-statistics are given in parentheses below the parameter estimates.
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R is the adjusted R-square. Q(p) is the Q-statistic calculated from the first p sample autocorrelations with the associated pvalue given in the parentheses next it The VEC estimates of the HK/US system are presented in the upper panel of Table   3 . The error correction term has different effects on Hong Kong and U.S. inflation rates.
While inflation in Hong Kong responds to deviations from the long-run relationship, inflation in the U.S. does not adjust to such deviations. In the short run, Hong Kong inflation is affected by both its own and the U.S. lagged inflation rates. Specifically, the U.S. inflation has a delayed positive impact on Hong Kong inflation. On the other hand, the U.S. inflation is only affected by its own lagged values. Thus, inflation in the U.S. causes inflation in Hong Kong but not vice versa. The findings are consistent with the conventional wisdom that inflation transmission under a fixed exchange rate system is mainly unidirectional and runs from large to small economies.
Even though Singapore does not maintain a fixed exchange rate relationship with the U.S., its inflation is significantly influenced by both Z t-p-1 and lagged U.S. inflation (lower panel of Table 3 ). The U.S. inflation is only affected by its own lagged values.
Again, unidirectional inflation transmission from the large to the small economy is observed. Comparing the coefficient estimates, the error correction term and the lagged U.S. inflation seem to have a stronger effect on Hong Kong inflation, though the lagged U.S. inflation has a more immediate impact on Singapore inflation. Thus, exchange rate flexibility does not completely insulate Singapore from external shocks, but it may dampen their effects.
Impulse Response and Forecast Error Variance Decomposition Analyses
In this subsection we employ the generalized impulse response and forecast error variance decomposition techniques (Pesaran and Shin, 1998) to examine the effects of a U.S. price shock on Hong Kong and Singapore CPIs. Unlike the traditional approach based on Cholesky decomposition and orthogonalized shocks, the Pesaran-Shin approach yields unique impulse response functions and forecast error variance decomposition that are invariant to the ordering of variables. Only in the limiting case of a diagonal error variance matrix do the traditional and the generalized approaches coincide.
Suppose Y t has a VAR representation:
where C is a vector of constant and t ε is a vector of innovation with E( t ε ) = 0 and 
It is shown that (8) and (9) are valid for a system of cointegrated variables. See Pesaran and Shin (1998) for a more detailed discussion.
The generalized impulse response functions of Hong Kong CPI with respect to the price shocks in Hong Kong and U.S. are depicted in Figure 1 . The U.S price shock has a sizable and sustained impact on Hong Kong CPI. Its effect steadily increases over time and stays at a relatively high level. The pattern is in contrast to the effect of a Hong Kong price shock, which appears to decline over time. It is evident that the price in Hong Kong has a stronger response to price shocks emanating from the U.S. than those from the domestic economy.
Similarly, Figure 2 shows that price shocks from the U.S. exert a more powerful influence on Singapore CPI than shocks from Singapore itself. The impulse responses are increasing with respect to the U.S. shock and decreasing with respect to the Singapore shock. The overall response profiles in Figures 1 and 2 are quite similar. Both indicate a stronger foreign price influence over a domestic one. However, in terms of the relative magnitude, the U.S. effect is much smaller in the case of Singapore.
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The results of the generalized forecast error variance decomposition are graphed in Figures 3 and 4 . While the impulse responses trace the effect of a shock over time, the forecast error variance decomposition analysis assesses the relative contributions of domestic and foreign price shocks to the price uncertainties in Hong Kong and Singapore.
For both Far East economies, the proportion of domestic price uncertainty explained by the U.S. shock is increasing with the forecasting horizon. At the three and a half years horizon, the U.S. shock accounts for about one half of the Hong Kong CPI uncertainty.
However, the contribution of the U.S. price shock grows to more than 80% as the horizon increases. For Singapore, it takes a longer forecasting horizon (six years plus) for the U.S.
shock to contribute to one half of its price uncertainty. Apparently, the proportion of Singapore price uncertainty attributable to U.S. price shocks levels off at the 70% mark.
Similar to the cointegration and VEC model results, both the generalized impulse response and forecast error variance decomposition analyses confirm the U.S. influences on Hong Kong and Singapore. Despite the fact that the two Far East open economies have different exchange rate arrangements, the price dynamics in both economies are affected by external price shocks. Exchange rate flexibility does not fully insulate Singapore from external forces. However, the U.S. price shock seems to have a stronger impact on Hong
Kong than on Singapore CPI data.
Common Cyclical Movement
In this subsection we explore whether the inflation series within each of the HK/US and the SP/US pairs share some common cyclical movement. The cointegration analysis reported in the previous subsection describes the comovement of the nonstationary components but not the short-term variation. Engle and Kozicki (1993) propose the common feature test to detect the presence of common stochastic elements in a system.
Suppose the elements of ∆Y t share common temporal dynamics. Then, in the process of forming an appropriate linear combination of ∆Y it 's (the elements of ∆Y t ), we can eliminate the effect of the common component. Thus, the presence of a common cycle, which is routinely measured by serial correlation, implies the existence of a linear combination of ∆Y it 's that is not correlated with the past information set. Vahid and Engle (1993) 
where j λ is the j-th smallest squared canonical correlation coefficient between The common feature test results are reported in Table 4 . The lag parameters identified for the VEC models are used to compute the statistics. For the HK/US system, the statistics for both s = 1 and s = 2 are significant at the 5% level, indicating that the Hong Kong and U.S. inflation rates do not have common cyclical movements. On the other hand, there is evidence that Singapore and U.S. inflation rates share a common cycle.
That is, prices in Singapore and U.S. have both common and synchronized long-term and short-term components. For Hong Kong and U.S. prices, they only share a common longterm component.
The common feature test results seem puzzling. The value of the Hong Kong dollar, and not the Singapore dollar, is pegged to the U.S. dollar. However, it is Singapore and U.S. that share a common inflation cycle. The estimation results in Table 3 offer a hint. As Hong Kong inflation reacts to U.S. inflation with a lag, the two economies may not respond to the same shocks simultaneously. Thus the concept of common features, which implicitly assumes individual series simultaneously respond to common shocks, may not be relevant for the HK/US system.
To accommodate for the possibility that individual series have different initial responses before they move in synchronization some periods later, Vahid and Engle (1997) develop the codependence test. While a common feature requires the variables of a system to have collinear impulse responses, codependence allows different initial responses but requires the variables to share a common response pattern after the initial stage. To test the null hypothesis that there exist at least s codependence vectors after the k-th period, we use the statistic (Vahid and Engle, 1997) ( ) (
where j λˆ(k) is the j-th smallest squared canonical correlation coefficient between degrees of freedom, where in this exercise n = 2, p = 2, and r = 1.
Since common feature is a special case of codependence, the presence of the former implies the latter. Thus, the codependence test is only applied to the HK/US system and the result is reported in Table 5 . With k = 1, there is strong evidence of one codependence vector. That is, aside from the reaction in the first month, there is a common cycle among the Hong Kong and U.S. inflation rates. In other words, the two economies share common but non-synchronized inflation cycles.
Concluding Remarks
In this paper we use several statistical techniques to investigate the interactions of prices and inflation rates in Hong Kong, Singapore, and U.S. The U.S. is taken as the large world economy and the other two are interpreted as small open economies operating under different exchange rate regimes. The cointegration analysis shows that the CPIs in the three economies are moving together in the long run. However, as indicated by the results from the VEC model, inflation in a small economy is caused by the large economy.
Further, it is the inflation in a small country (and not the large one) that adjusts to deviations from the cointegration relationship between the CPIs.
The generalized impulse response and forecast error variance decomposition analyses offer some similar inferences on the dominating role of U.S price shocks on these two Far East economies. For instance, the U.S. price shock exhibits amplified long-term effects on both Hong Kong and Singapore CPIs. It also accounts for a substantial amount (70% or higher) of price uncertainty in the other two economies. It is also found that Hong Kong (Singapore) and U.S. have a non-synchronized (synchronized) inflation cycle.
In general, U.S inflation affects inflation in both Hong Kong and Singapore even though U.S. inflation exerts a stronger influence on Hong Kong than Singapore inflation.
The result on Hong Kong is consistent with the standard prediction that, under a fixed exchange rate arrangement, inflation in a small open economy is subject to significant influences of the large economy. The Singapore result is a bit intriguing. Apparently, the difference in exchange rate policy pursued by the two small open economies has no significant implication for the qualitative result on inflation transmission. Exchange rate flexibility does not completely insulate Singapore from the U.S. price shock.
However, the evidence is not necessarily contradictory to the insulation argument.
For instance, it is known that flexible rates do not protect the economy from external real shocks. Besides the nature of the shock, the inflation transmission mechanism is also determined by policies pursued by the authorities. For instance, it is the policy of the Monetary Authority of Singapore to manage the Singapore dollar exchange rate to maintain export competitiveness and to curb imported inflation. As the evidence suggests that inflation in Singapore, compared to that in Hong Kong, is less responsive to the U.S. price movement, exchange rate flexibility appears to absorb some of the impact of foreign price shocks.
The empirical results allude to the policy implications of the debate on the choice of exchange rate regimes. Our exercise affirms that a fixed rate regime renders a small economy vulnerable to large external shocks. As evidenced by the 1997 financial crisis episode, external shocks induced a greater domestic price variation in Hong Kong than in Singapore. For Hong Kong the domestic price, instead of the nominal exchange rate, responded and adjusted to external shocks and resulted in a high variability. Thus, if price stability is the utmost policy objective, then fixing the exchange rate is not the ideal policy.
However, price stability is likely to be only one of the policy objectives under consideration.
In a more general setting, Frankel (1999) argues that the appropriate exchange rate regime varies depending on both the specific experiences of the economy and the circumstances of the time period in question. The prudence of government policy has an eminent effect on the economic implications of an exchange rate system. In the 1980s, the linked exchange rate system helped stabilize the Hong Kong economy. Since then, the system has continued to provide a stable financial environment and enhance the credibility of Hong Kong's monetary policy. It is widely perceived that abandoning the linked exchange rate system can trigger a serious confidence and credibility crisis, which will set off calamitous economic consequences. Thus, the price stability implication is not the only factor determining the desirability of an exchange rate regime. A definite conclusion on the issue requires additional analyses of the trade-off between various policy objectives under the specific circumstances of Hong Kong -a topic that is beyond the scope of the current study.
Overall, the empirical results indicate that, under both fixed and flexible exchange rate arrangements, a large economy has intense influences on a small open economy. The evidence also points to the possibility that exchange rate flexibility may allow a small open economy to alleviate the impact of foreign price shocks.
Our exercise mainly focuses on price data. Even though Hong Kong and Singapore are similar in many aspects, they still have differences in economic and institutional factors. These differences can induce inflation transmission mechanisms not captured by the design of the current study. For instance, Marston (1985) points out that inflation can propagate across borders through various paths including the price, output, and interest rate channels. A useful future research exercise is to conduct a more detailed analysis on the roles of macroeconomic variables such as output growth, money growth, and openness on the inflation determination and transmission mechanism.
